Aims: In a sample of patients receiving opioid agonist therapy, we evaluated whether having chronic pain was associated with (a) craving for opioids and (b) illicit opioid use. Methods: In a cross-sectional study of adults on buprenorphine or methadone maintenance recruited from an urban medical center, we examined any craving for opioids (primary dependent variable) in the past week and recent illicit opioid use (secondary dependent variable). Illicit opioid use was defined as a positive urine drug test (UDT) for opiates and chronic pain was defined as bodily pain that had been present for at least 3 months. Multivariable logistic regression models were fit for each outcome, adjusting for age, sex, and non-white race. Additional models adjusted for depression (PHQ-9) and anxiety (STAI). Results: The sample included 105 adults on methadone or buprenorphine maintenance. Mean age was 43.8 (SD ±9.4) years; 48% were female and 32% non-white; 19% were on methadone. Chronic pain was present in 68% of the sample, 51% reported craving opioids in the past week, and 16% had a positive UDT. Chronic pain was associated with 3-fold higher odds of reporting craving in the past week (aOR = 3.10; 95% CI: 1.28-7.50, p-value = 0.01). The relative odds for having a positive UDT were not statistically significant (aOR = 2.52; 95% CI: 0.64-9.90, p = 0.18). Conclusion: In this sample of patients treated with opioid agonist therapy, those with chronic pain had higher odds of reporting craving for opioids. Chronic pain with associated opioid craving potentially places this population at risk for relapse.
Introduction
In 2014, an estimated 1.9 million people in the United States had an opioid use disorder related to prescription pain relievers, and an estimated 586,000 had an opioid use disorder related to heroin use (SAMHSA, 2015) . Chronic pain is common in patients with opioid use disorders who are on opioid agonist therapy (OAT). Studies of worse outcomes (Dhingra et al., 2015; Fox et al., 2012; Ilgen et al., 2006) . Drug craving is a subjective phenomenon conceptualized as an individual's desire or urges to use a previously experienced substance (Sayette et al., 2000; Tiffany and Wray, 2012) . Opioid craving predicts opioid use among persons with heroin and prescription opioid use disorders (McHugh et al., 2014; Tsui et al., 2014) , and treatment with methadone and buprenorphine reduces craving (Fareed et al., 2010) . Pain may be associated with increased craving for opioids. Among patients with chronic pain, craving has been associated with aberrant use of prescription opioids (Wasan et al., 2009) , and among persons with prior heroin use, increased sensitivity to pain has been associated with opioid craving (Ren et al., 2009 ). Among patients with treated opioid use disorders, it is unknown whether chronic pain is associated with opioid craving and thereby an increased likelihood of relapse. In addition, the mechanisms whereby pain leads to craving or relapse are relatively unexplored. Prior research suggests that negative affect may be associated with heroin and other drug craving among persons in treatment for opioid use disorders Huhn et al., 2016) , and in methadone maintenance treated samples, persons with chronic severe pain have been observed to have more symptoms of depression and anxiety (Barry et al., 2009a) .
The study aim is to assess whether having chronic pain was associated with (a) opioid craving and (b) illicit opioid use in a sample of adults who were treated with buprenorphine or methadone for their opioid use disorders. In addition, we explored the roles of anxiety and depression in these relationships to assess whether they might be potential confounders or mediators.
Materials and methods

Objective and study design
This is secondary analysis of a cross-sectional study of adults on methadone or buprenorphine for treatment of opioid use disorders in the VIP (Viral Infections and Pain) study. The parent study explored the contributions of hepatitis C virus (HCV) infection to pain and pain hypersensitivity among persons with treated opioid use disorders on buprenorphine or methadone with and without HCV (Tsui et al., 2015) . The current study included all participants whose data on their chronic pain status was available; one subject whose data was missing was excluded. We hypothesized that patients with chronic pain would be more likely to report craving opioids and to have recently used illicit opioids, as evidenced by a positive urine drug test, than those without chronic pain.
Participants
Study participants were recruited from January 2012 through December 2013 from the Boston Medical Center (BMC). Flyers advertising the study as open to persons who were treated with methadone or buprenorphine for addiction were distributed, and providers were asked to refer interested patients to the study coordinator for screening. Potential subjects were screened over the phone for eligibility and were then invited for a study visit, which included further screening and, if eligible, the study assessment and procedures.
Eligibility criteria included the following: between 18 and 65 years of age, English speaking, receiving primary care at BMC, on methadone or buprenorphine for treatment of an opioid use disorder for at least 4 weeks and receiving a stable dose for at least 2 weeks, and documented HCV and HIV status. Exclusion criteria included: current pregnancy, numbness in hands that would prevent sensation of pain or movement in response to pain, and acute intoxication or psychological distress precluding participation. Participants received $50 store gift cards as compensation for time and effort involved in the in-person eligibility assessment and study visit. Written informed consent was obtained from all participants prior to study participation. The study was approved by the Institutional Review Board of Boston University Medical Campus.
Research visits/measurements
Research visits took place in the General Clinical Research Unit at Boston University School of Medicine. Participants underwent a single study visit involving a face-to-face interview assessment with a research assistant and a urine toxicology test. Participants were asked to take their normal dose of buprenorphine or methadone on the day of the study visit. The study assessment included demographics (e.g., age, education, marital status, and disability status), duration and type of opioid agonist therapy, the short form Brief Pain Inventory to assess pain (Cleeland, 2009) , State Trait Anxiety Inventory (STAI; Spielberger et al., 1983 Spielberger et al., , 1995 to assess anxiety symptoms, and the Patient Health Questionnaire-9 (PHQ-9; Kroenke et al., 2001 ) to assess depressive symptoms. The BPI assesses pain at its "worst," "least," "average," and "now" (current pain). In clinical trials, the items "worst" and "average" have each been used singly to represent pain severity; however, the scale developers recommend that all four severity items be used, because the models for validation of the BPI included all four items. The PHQ-9 is a diagnostic clinical and research tool which has been shown to be a reliable and valid measure of depression severity. It scores each of the 9 DSM-IV criteria as "0" (not at all) to "3" (nearly every day), providing a 0-27 severity score; PHQ-9 scores of 5, 10, 15, and 20 represented mild, moderate, moderately severe, and severe depression, respectively. The STAI Form is an administered analysis of reported anxiety symptoms, measuring both state and trait anxiety. The range of scores is 20-80, the higher the score indicating greater anxiety. A urine drug test using homogeneous enzyme immunoassays (Abbott/Microgenics) was conducted to assess recent use of opiates, cocaine, amphetamines, benzodiazepines, and barbiturates.
Main independent variable
The main independent variable of interest was chronic pain, defined as pain that had been present for at least 3 months. Current (past week) pain was assessed with the initial question on the Short Form Brief Pain Inventory ("During the past week have you had any bodily pain?"); persons who reported past week pain were subsequently asked about the duration of their current pain. Those who responded that their pain had been present for 3 months or longer were categorized as having chronic pain. In post-hoc analyses we evaluated a three level variable for chronic pain severity, defined as "no pain" (0), "mild pain" (1-4) and moderate to severe pain (>4). The threshold for moderate pain was the median severity score for participants with chronic pain in the sample, furthermore, it has been established as a threshold for moderate pain by other researchers (Farrar, 2010; Hoffman et al., 2010) . Pain severity was assessed using the Brief Pain Inventory, rating pain from "0" (no pain) to "10" (pain as bad as you can imagine), using the mean of four responses for past week worst pain, least pain, average pain and current pain.
Dependent variables
The primary outcome was self-reporting of any opioid craving. Opioid craving was assessed using a single item numeric scale (Rosenberg, 2009) past week," with responses anchored at "0 = no craving at all" and "10-strongest craving ever". Participants were queried specifically about buprenorphine and methadone, as well as all other opioids (e.g., heroin, oxycodone, hydromorphone, etc.). Any response greater than zero for either question was considered positive for opioid craving; a dichotomous outcome (yes/no) was chosen as data were highly skewed and most subjects reported no craving (i.e., a score of "0"). The secondary outcome was recent illicit opioid use. This was defined as a urine drug test (UDT) at the study visit that was positive for opiates. As is the case with most standard UDT panels, it did not include identification synthetic and semi-synthetic opioids, and thus would not include detection of fentanyl, methadone, or buprenorphine (and oxycodone at lower doses).
Confounders
Potential confounders, chosen a priori, included demographics: age, sex, and non-white race. While these were chosen "a priori" for face validity, these factors have been correlated with pain (Campbell et al., 2005; Dao and LeResche, 2000; Gibson and Farrell, 2004) and substance use (Jones et al., 2015; Wu et al., 2011) and thus may confound the relationship between pain and our outcomes of interest. We also assessed the roles of anxiety (STAI) and depression (PHQ-9) in the relationship between chronic pain and the outcomes of interest to assess whether they are potential confounders or mediators (Asmundson and Katz, 2009; Bair et al., 2003; Edwards et al., 2005) .
Statistical analysis
Preliminary analyses were conducted using descriptive statistics to compare characteristics of participants with and without chronic pain using chi-square/Fisher's exact tests for categorical variables and analysis of variance or Kruskal-Wallis tests as appropriate. The primary analyses used multivariable logistic regression models to assess whether chronic pain was associated with craving for opioids or, having recently used illicit opioids, after adjustment for the potential confounders of age, sex, and race. We ran additional confirmatory models adjusting for anxiety and depression in separate models to explore whether these factors play a role in the relationships between pain and craving and illicit opioid use, i.e., as confounders or mediators (Vittinghoff et al., 2005) . We used a similar approach to assess whether craving plays a role in the association between chronic pain and recent illicit opioid use. Analyses were conducted using 2-sided tests; a p-value < 0.05 was considered statistically significant. All analyses were conducted using SAS version 9.3.
Results
The sample included 105 persons, of the 106 total participants in the VIP study, who reported information on chronic pain. Median age was 45 (IQR: 37-51) years; 48% were female and 32% nonwhite. Most participants (81%) were treated with buprenorphine. The majority of the sample (84%) reported pain in the past week, 68% reported chronic pain and 38% reported moderate to severe chronic pain. The most frequent location of the pain was the back; the second most reported was the knees. Overall, about one-half (51%) of these participants reported craving opioids in the past week, and 16% had an opiate positive urine drug test. Demographics, depression, anxiety, and opioid-related outcomes overall and stratified by chronic pain status are described in Table 1 . Participants with chronic pain were significantly more likely to report opioid craving and to have more depression but did not differ on other factors.
In the multivariable logistic regression models (Table 2) , participants who had chronic pain were significantly more likely to report craving opioids, even after adjusting for demographic factors. Adjustment for depression attenuated the association between chronic pain and opioid craving as evidenced by the odds ratio decreasing from 3.10 (95% CI: 1.28-7.50) to 2.63 (95% CI: 1.06-6.52) with the inclusion of depression in the regression model. However, chronic pain remained statistically significant, and the magnitude of the adjusted odds ratio remained notably large. Results were unchanged after adjustment for anxiety (AOR = 3.10 (95% CI: 1.25-7.66)). In adjusted analyses, chronic pain was associated with higher odds of having a UDT positive for opiates (AOR = 2.52 (95% CI: 0.64-9.90)) (Table 2), although the results were not statistically significant (p = 0.18). Results were similar after adjustment for depression and anxiety, but the odds ratio attenuated to 1.91 (95% CI: 0.45-8.08) after adjustment for craving.
In secondary, post-hoc analyses, we examined associations between severity of chronic pain (no pain vs. mild pain or moderate to severe pain) and craving/illicit opioid use (Table 3 ). The observed magnitudes of effect generally appeared larger for moderate-severe pain and opioid craving/recent opiate use, compared to mild pain.
Discussion
In this study of adults maintained on methadone or buprenorphine for treatment of opioid use disorder, we found that participants with chronic pain had significantly higher odds of reporting craving for opioids, and that the association was highest with those with moderate to severe chronic pain. We were unable to detect an association between chronic pain and having a UDT positive for opiates. Depression is a potential confounder of the relationship between chronic pain and opioid craving. This research is clinically relevant, as it demonstrates that patients with treated opioid use disorders who experience chronic pain may be vulnerable to opioid craving, and thereby to relapse. Opioid craving has been demonstrated to be a salient construct which predicts lapse to opiate use among persons with treated opioid use disorders (McHugh et al., 2014; Moore et al., 2014; Northrup et al., 2015; Tsui et al., 2014) . We observed that adjusting for opioid craving attenuated the association between chronic pain and having a UDT positive for opiates, suggesting that increased opioid craving in the setting of chronic pain is a mechanism that leads to relapse. Chronic pain is common among persons with opioid use disorders: the prevalence of 68% for any chronic pain and 38% for moderate to severe chronic pain observed in this study is similar to that reported in other studies (Barry et al., 2009b; Rosenblum et al., 2003; Sheu et al., 2008; Voon et al., 2015) . Given that chronic pain is such a common clinical problem that impacts drug craving and substance use outcomes, more research attention should be directed to screening for and testing interventions to reduce pain in these populations.
Our results add to the existing body of literature pointing to the importance of pain as a complicating factor for patients who are treated for opioid use disorders. In a prior early study (Rosenblum et al., 2003) examining both persons admitted to short-term residential (inpatient) substance abuse treatment and those being treated in methadone maintenance treatment programs (MMPT), chronic pain was highly prevalent in both samples and significant associations were observed between craving and chronic pain for the inpatient group (borderline significance for the MMTP group). A more recent study (Sheu et al., 2008) of patients attending outpatient drug and alcohol treatment programs also demonstrated higher mean drug craving among persons with chronic severe pain. In a study of chronic pain patients on opioids, pain severity was modestly associated with opioid craving (Martel et al., 2016) , and craving was associated with aberrant use of opioids (Wasan et al., 2009 ). Our study is unique as it demonstrates a strong and significant association between chronic pain and opioid craving specifically among persons on opioid agonist therapy for treatment of opioid use disorders. Also, our results show that depression may be an important confounder of the relationship between pain and opioid craving for patients on opioid agonist therapy. Prior research suggests that negative affect may be associated with heroin and other drug craving among persons in treatment for opioid use disorders Huhn et al., 2016) . Still, it is important to note that the association between any chronic pain and craving, although attenuated, remained strongly significant even after adjustment for depression suggesting independent effects.
Our study did not demonstrate a significant association between chronic pain and illicit opiate use as demonstrated by UDT, although post-hoc analyses demonstrated an association between moderate to severe chronic pain and positive UDT after adjustment for anxiety. Given the small number of positive UDT outcomes (16%) we did not have adequate power to assess this outcome. The literature on the impact of pain and chronic pain on relapse and substance use outcomes is mixed. Some studies have suggested worse substance use treatment outcomes (including opioid use) among persons with pain (Caldeiro et al., 2008; Larson et al., 2007) . A study of opioid dependent patients treated with buprenorphine for detoxification found that pain was a significant predictor of self-reported opi-oid use within the past 30 days, but not positive UDT (Potter et al., 2010) . Research on patients treated with methadone maintenance failed to observe an association between pain and self-reported illicit drug use (Ilgen et al., 2006) , as well as positive UDT (Dhingra et al., 2015) . However, a recent longitudinal study of adults with chronic pain treated with buprenorphine demonstrated persons with greater volatility of pain severity were less likely to be abstinent over time (Worley et al., 2015) . More research is needed to disentangle relationships between pain and substance use among persons with treated opioid use disorders.
There are important limitations to consider in this study. The relatively small number of positive UDT events limited study power, particularly for our outcome of positive UDT; therefore these results should be considered exploratory and confirmed in larger samples. Our UDT assay assessed opiate use only, and did not assess use of synthetic or semi-synthetic opioids; therefore we could not fully ascertain the illicit use of all prescription opioids. We used a numeric measure of craving, rather than multi-dimensional scales that have been developed for opioid craving. Therefore, we are unable to understand which of the specific domains of craving are more highly impacted by chronic pain or whether the "craving" experienced was a desire for analgesic pain relief rather than euphoria. Due to the cross-sectional study design, directionality of associations cannot be ascertained and causality cannot be established. While we hypothesized that chronic pain may lead to opiate craving, it is also possible that patients who were more strongly craving and unstable in their drug use would be more likely to report chronic pain. Our sample of persons with opioid use disorders on opioid agonist therapy included small numbers on methadone (19%), therefore we were unable to perform sub-group analyses of persons on methadone versus buprenorphine. Both methadone and buprenorphine have been associated with improvements in pain severity after treatment initiation (Neumann et al., 2013) , although some research suggests greater pain severity among persons on methadone maintenance (Dunn et al., 2015) compared to those on buprenorphine. To our knowledge, we are unaware of any prior research to suggest that relationships between pain and opioid craving might differ among patients treated with methadone versus buprenorphine.
In summary, this study demonstrated that among patients treated for an opioid use disorder with buprenorphine or methadone, those with chronic pain had higher odds of reporting craving for opioids. Results highlight that chronic pain is an important factor that can adversely impact substance use treatment outcomes among patients with opioid use disorders, even those on opioid agonist treatment. The findings suggest that it would be beneficial for patients who initiate treatment with buprenorphine or methadone for opioid use disorders to be screened for chronic pain. As this condition is common, the need to develop interventions to address chronic pain in this population is clear.
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